Early inflammatory damage to intestinal neurons occurs via inducible nitric oxide synthase.
Intestinal inflammation affects the enteric nervous system (ENS) that lies adjacent to the smooth muscle layers. Previously, we showed that the loss of ENS neurons in animal models such as tri-nitrobenzene sulphonic acid (TNBS)-induced colitis was a limited and early event despite progressive worsening of inflammation. Here, we demonstrated that the rapid appearance of activated immune cells in the intestinal wall is selectively neurotoxic via iNOS-derived NO, using TNBS-induced colitis in both rats and mice, and a co-culture model of ENS neurons and smooth muscle. An influx of neutrophils and macrophages occurred within hours of initiation of rat colitis, correlating with iNOS expression, acutely elevated NO and neuronal death. In vitro, chemical donors of NO selectively caused axonal damage and neuronal death. These outcomes were similar to those seen with combined culture with either activated peritoneal immune cells or the immune cell lines RAW-264 and RBL-2H3. Immune cell-mediated neurotoxicity was blocked by the iNOS inhibitor L-NIL, and neuronal death was inhibited by the RIP-1 kinase inhibitor necrostatin. In a mouse model, the stereotypic loss of myenteric neurons by Day 4 post-TNBS was abrogated by the selective iNOS inhibitors L-NIL or 1400W without effect on other parameters of intestinal inflammation. Preservation of ENS neurons also ameliorated the hyperplasia of smooth muscle that is characteristic of intestinal inflammation, in line with prior work showing neural regulation of smooth muscle phenotype. This identifies a predominant pathway of immune cell damage to the ENS, where early, acute elevation of NO from iNOS can be cytotoxic to myenteric neurons.